Demonstration of sites of latency of infectious laryngotracheitis virus using
Mature laying chickens were inoculated intratracheally with a field strain of infectious laryngotracheitis (ILT) virus. Tracheal swabs were collected regularly from all birds for virus culture. At various times post-inoculation, pairs of birds were killed and tissues removed for detection of virus products using conventional tissue homogenization and culture, organ culture, indirect immunofluorescence (IF) and also the polymerase chain reaction (PCR). The latter was used to detect a DNA sequence from the ILT virus thymidine kinase gene. Following inoculation the birds developed mild respiratory disease with clinical signs characteristic of ILT from 3 to 10 days post-inoculation. Trachea and turbinate tissues were virus-positive as determined by virus isolation, organ culture, IF and PCR on day 4 post-inoculation. After recovery from the acute phase, virus shedding initially ceased, then intermittent, low level shedding was recorded for five of the six remaining birds. In an attempt to locate sites of latency, pairs of birds were sampled at 31, 46 and 61 days postinoculation. Virus was not detected in upper respiratory tract or ocular tissues by conventional techniques, or in the trigeminal, proximal and distal ganglia. All tissues were also negative by PCR, except for the trigeminal ganglia of five of the six birds. All PCR-positive birds had previously shed ILT virus intermittently between days 19 and 59 post-inoculation. As we did not detect viral DNA in any of the other tissues sampled from clinically recovered birds, we conclude that the trigeminal ganglion is the main site of latency of ILT virus.
Infectious laryngotracheitis (ILT) is an important respiratory disease of chickens caused by an alphaherpesvirus of the family Herpesviridae. The disease is characterized by depression, conjunctivitis, sneezing, rfiles, nasal exudate and, in severe cases, gasping, dyspnoea and death through asphyxiation (Jordan, 1990) . A mild to moderate form of the disease is usually seen in the U.K., although 30~o mortality was recorded in one outbreak in 1985 (Hughes et al., 1991 a) . Like alphaherpesviruses in other species, ILT virus can establish a carrier state in recovered animals (Bagust, 1985 (Bagust, , 1986 . This is characterized by periods by latency interspersed with episodes of virus shedding detectable by tracheal swabbing (Hughes et aL, 1987 . In the acute phase the main site of virus replication is the trachea, whether birds are experimentally inoculated via the respiratory tract, the eye or a variety of other routes (Purcell & McFerran, 1969; Hitchner et al., 1977; Hughes, 1989) . ILT virus has been isolated from tracheal and laryngeal organ cultures prepared from recovered birds up to 107 days after intratracheal inoculation (Turner, 1972; Bagust, 1985; Hughes, 1989) . The location of virus during periods of latency has not been determined, but there is a report of ILT virus antigen having been detected in trigeminal ganglia during acute infection by using immunofluorescence (Bagust et al., 1986) , and another of ILT virus having been isolated from the trigeminal ganglia of two birds from the field 15 months after vaccination (Kaleta et al., 1986) .
In birds, although the trigeminal ganglion is the main sensory innervation to the tissues of the upper respiratory tract, mouth and eyes, the proximal ganglion and the distal ganglion are also involved in sensory innervation to the trachea (Bubiefi-Waluszewska, 1981) . We investigated these and other tissues as possible sites of latency, using both conventional virus isolation techniques and the polymerase chain reaction (PCR) to look for viral DNA in tissues.
Twelve 2-year-old light hybrid specific pathogen-free hens, from a flock demonstrated to be free of ILT virus and other herpesvirus infections for several generations, were housed individually in cages in conditions of isolation. Two birds (1 and 2) were killed and sampled before inoculation (day 0) to provide uninfected control tissues. Eight birds (5 to 12) were inoculated intratracheally with loglo 5.8 TCIDso strain 216 ILT virus in 0.5 ml cell culture fluid, and two additional control birds (3 and 4) were given uninfected cell culture fluid. ILT 0001-1058 © 1992 SGM virus strain 216 (Hughes et al., 1987) was originally isolated from a field outbreak in England in 1979 and shown to cause a mild/moderate respiratory infection in experimental birds. It was grown in primary cell culture monolayers of chick embryo liver (CELi) cells prepared by conventional trypsinization methods from the livers of 14-day-old embryos. The stock medium was M199 with Earle's salts (Gibco) containing 3.5 mg/ml tryptose phosphate broth (Oxoid), 17 mM-HEPES (Flow Laboratories), 0.12 mg/ml streptomycin, 119 units/ml penicillin and 2.4 ~tg/ml Fungizone (Squibb and Sons). Newborn bovine calf serum (Gibco) was added to a final concentration of 10~ for growth of cells or 5 ~ for maintenance of confluent monolayers.
Tracheal swabs were collected from all birds three times per week. Cotton swabs were pre-moistened in stock M199 medium containing 10 times the normal tissue culture concentration of antibiotics, and after swabbing the swab tips were cut offinto 1 ml of the same medium, vortex-mixed and stored at -80 °C before culture.
Pairs of inoculated birds were killed and sampled at 4, 31, 46 and 61 days post-inoculation, and the two mockinoculated controls at 63 days post-inoculation. Before birds were killed for sampling, 5 ml of heparinized blood was collected, mixed with 5 ml of sterile PBS, layered on to 10 ml of Ficoll-Hypaque (Lymphocyte Separation Medium; Flow Laboratories) and centrifuged at 250 g for 30 min. The mononuclear leukocyte layer was collected, washed three times in PBS, resuspended in 1 ml of PBS and stored at -80 °C for virus culture and PCR. Blood for serum (5 ml) was also collected before the birds were killed by intravenous injection of pentobarbitone. The following tissue samples were collected from each bird: trachea, turbinates, trigeminal ganglia, cornea, conjunctiva and Harderian gland for virus isolation, organ culture and PCR, and proximal ganglia and distal ganglia for virus isolation and PCR only. Where appropriate, pieces of left and right tissues were pooled for each technique. In addition, the trachea and turbinate tissues were collected for indirect immunofluorescence (IF). The trigeminal ganglia were removed from the floor of the cranial cavity after removal of the brain and dura mater. Proximal and distal ganglia were removed by dissection of the neck tissues and following the vagus and glossopharyngeal nerves into the cranium, using a rehearsed technique that had previously confirmed, by histopathology, that ganglionic tissues were being collected.
Samples of tissue for virus isolation and PCR were aseptically removed and washed three times in sterile PBS before being homogenized in 0.6 ml of stock M199 medium containing 10 x antibiotics.
Samples of tissue for organ culture were removed aseptically and washed three times in sterile PBS before being placed in 1 ml of organ culture medium, which was Eagle's MEM with Earle's salts and L-glutamine (Gibco) with sodium bicarbonate (0.15%), penicillin (ll9 units/ml) and streptomycin (0.12 mg/ml). These cultures were incubated at 37 °C. Every 7 days the medium was replaced and the aspirated medium was cultured for virus by three consecutive passages in CELi cells. The organ cultures were maintained until virus was isolated from the medium or, if negative, for 5 weeks. After 5 weeks, when the last medium sample was removed, the tissue was homogenized and cultured for virus, and examined by PCR. Samples of tracheal and turbinate tissue for IF were placed in OCT embedding compound (Tissue-Tek; Miles), snap-frozen in liquid nitrogen and stored at -80 °C. These were sectioned at 6 ~tm on a cryostat and examined by IF for ILT virus using hyperimmune serum raised in chickens against strain 216 and a commercial fluorescein isothiocyanate-labelled rabbit anti-chicken IgG conjugate (Nordic Immunological Laboratories).
Virus isolation was attempted from tracheal swabs, tissue homogenates and organ culture media using CELi cell monolayers in 96-well plates as described previously (Hughes et al., 1987) . Any sample that yielded ILT virus on first passage was titrated in CELi cells. The threshold for the titration method was loglo 0-13 TCIDso/50 ~tl. Any samples that were negative on first passage but positive on second or third passages were scored as untitratable (positive for ILT virus but at a titre too low to titrate by this method).
DNA templates from ground tissue were prepared for PCR by adding 100 ~tl of the tissue homogenate to 50 ~tl of 100 mu-Tris-HC1 pH 8-3 containing 0.5 M-KC1, 25 mMMgC12, 5~oo Tween 20, 5~ NP40 in an Eppendorf tube. Proteinase K (5 ktl of 1 mg/ml) and water (345 txl) were added, and the samples were incubated overnight at 50 °C with shaking. The DNA was extracted with an equal volume of buffered phenol-chloroform pH 7.9 and centrifuged at 12 500 g for 15 min. The aqueous layer was re-extracted with chloroform:isoamyl alcohol (24:1), and the DNA precipitated overnight at -80 °C after the addition of 50111of 3 M-sodium acetate pH 5.0 and 1100 ~tl ice-cold absolute ethanol. The DNA precipitate was collected by centrifugation at 12500 g for 15 min from frozen and then redissolved in 50 ~tl of distilled water. For each PCR, all 50 ~tl of DNA was used as a template. The reactions were performed using a Perkin-Elmer Cetus kit with 1 mM-Mg 2+ in the final reaction mixture. The primers 5' AGGTTGCCGTCTATACTTAGC and 5' TTGCAAATAGCGTCTGGTCGATTGAA were selected from the sequence data of the thymidine kinase (TK) gene (Griffin & BoursneU, 1990; Keeler et al., 1991) and used at a final concentration of 0.2 ~tM. The thermal . Lanes 1 and 2, day 0, birds 1 and 2; lanes 3 and 4, day 4, birds 5 and 6; lanes 5 and 6, day 31, birds 7 and 8; lanes 7 and 8, day 46, birds 9 and 10; lanes 9 and 10, day 61, birds 11 and 12; lanes 11 and 12, day 63, birds 3 and 4; lanes 13 and 14, ILT virus 216-positive and negative controls (see text for details).
cycle was one cycle of 94 °C for 3 min, 37 °C for 1 min, 72 °C for 3 min, 40 cycles of 94 °C for 1 min, 37 °C for 1 min, 72 °C for 3 min and a final cycle of 72 °C for 7 min. This generated a fragment of about 673 bp from a region within the TK gene (Fig. 1 ). Fragments were separated by electrophoresis (100 V for 1 h) on 1-5% agarose slab gels and visualized with transmitted u.v. light after staining with ethidium bromide. The sensitivity of the PCR protocol was assessed using sucrose density gradient centrifugation-purified whole virions of 216 ILT virus grown in CELi cells. PCR was able to detect viral DNA in a solution containing as few as five infectious particles per 100 Ixl. The identity of the PCR product was confirmed using a second pair of primers from within the 673 bp section defined by the original primers. These were 5' GACTATTGCTGCCCCACT-AAGAAT and 5' TCCAAATCCATTAAAACAATG-TTG, which produced a fragment of about 255 bp.
Combinations of these primers with the others produced fragments of about 414 and 515 bp, consistent with the gene sequences of Griffin & Boursnell (1990) and Keeler et al. (1991) . Strict precautions were taken to prevent DNA carryover. Pretarget samples and templates were prepared in a separate facility from the PCR. Disposable plastic labware was used throughout and positivedisplacement pipettes were used for PCR. Each set of reactions had a number of controls. A positive ILT virus control containing 100 TCID50/100 ~tl ILT virus 216 grown in CELi cells and a negative ILT virus control of uninfected CELi cells were both prepared as for the tissue samples. Tissues from pairs of uninfected birds sampled before (day 0) and after (day 63) the experiment Table 1 . * All other tissues (mononuclear leukocytes, Harderian glands, proximal and distal ganglia) were negative. t VN titres as the highest twofold serum dilution to neutralize 102 TCIDso 216 ILT virus completely, and expressed here as -log2.
Patterns of l L T virus shedding by birds as determined by isolation of l L T virus from tracheal swabs following intratracheal challenge with ILT virus 216
:~ Carrier state was demonstrated by the isolation of ILT virus from tracheal swab after a period of latency following the acute phase shedding. § All OC-positives were positive by virus isolation from media; organ culture tissues negative after 5 weeks were also found to be negative by virus culture of the homogenized tissue and by PCR.
[I Birds killed during acute phase shedding. ¶ No virus was recovered from tracheal swabs between the end of acute phase shedding (day 7) and the time of killing (day 31).
provided negative tissue controls, and a PCR reagent control containing 50 ~tl of water instead of template was also included in each batch of reactions. All sera were inactivated at 56 °C for 30 min. Virus neutralization (VN) tests were carried out in CELi cells on microculture plates using 100 TCIDs0 strain 216 ILT virus and twofold dilutions of sera. Titres were expressed as -log2.
Sera collected before inoculation were negative for ILT virus-neutralizing antibodies. The VN titres of the sera taken from birds at the time of sampling are shown in Table 2 , and confirm the establishment of infection in the inoculated birds and that the controls were free of ILT virus infection at the outset of the experiment and remained free throughout.
All birds inoculated with ILT virus developed mild clinical signs between 3 and 10 days post-inoculation. These included coughing, mild conjunctivitis, l~acri-mation and rfiles. The uninfected birds remained free of any clinical signs throughout the experiment. All ILT virus-inoculated birds shed virus between 3 and 10 days post-inoculation, as judged by virus isolation in CELi cells from tracheal swabs (Table 1) , with a mean daily titre per bird of 2.7 log10 TCIDs0/50 ~tl (standard deviation 0.99, n = 34) between days 3 and 7, falling to 0-75 log10 TCIDso/50 ~tl (standard deviation 0-69, n --6) for day 10. Five birds intermittently shed small amounts of virus between days 19 and 59 post-inoculation. Titres were generally either 0-13 log10 TCIDs0/50 p.1 or positive only on second passage, but bird 9 gave titres of 1.5 loglo TCIDso/50 Ixl on days 31 and 33, falling to 0.13 logx0 TCIDso/50 lal by day 40.
ILT virus was isolated from the trachea and turbinate tissues of both birds (5 and 6) sampled on day 4 postinoculation (Table 2) ; these tissues were also positive using IF and PCR. Virus was also detected in the cornea and conjunctiva of one of these two birds, but only by virus isolation from organ culture media. All other tissues from these two birds were negative for virus using virus isolation, organ culture and PCR (Table 2) .
In the acute phase, clinical signs, virus isolation from tracheal swabs and location of virus in tissues were as reported previously, although unlike Bagust et al. (1986) we did not detect virus in the trigeminal ganglia during the acute phase.
In clinically recovered birds, all tissues were negative for ILT virus except for the trigeminal ganglia from five of the six birds sampled on days 31, 46 and 61 (Table 2) . In these birds, virus was detected in the trigeminal ganglia only by PCR (Fig. 1) . All other tissues were negative by all methods, including PCR on end-stage organ culture tissue. The low level intermittent virus shedding detected from tracheal swabs in the absence of clinical signs was as reported previously (Hughes et al., 1987 (Hughes et al., , 1991 . Whether such shedding reflects a low level persistent productive infection or latency and periodic reactivation of virus has not been determined. In some studies of chronically infected birds, ILT virus has been detected in tracheal organ cultures (Turner, 1972; Bagust, 1985; Hughes, 1989) . In this present work, no virus was detected in trachea or other respiratory tissues, but none of the birds was shedding detectable virus on the day of tissue sampling. However, we did detect virus in the trigeminal ganglia of the five birds which shed virus after clinical recovery, but only by PCR, not virus isolation, indicating that this may have been latent virus. The sequence of the TK gene of the ILT virus Thorne V882 strain used in our PCR system was determined by Griffin & Boursnell (1990) .
In other herpesvirus infections, the trigeminal ganglion is an important site of latency (Bastian et al., 1972; Homan & Easterday, 1980; Gutekunst et al., 1980; Ackermann et al., 1982; Gaskell et al., 1985; Brown et al., 1990; Maes et al., 1990; Galeota Wheeler & Osorio, 1991) , but the cornea may also be a site of latency of herpes simplex virus (Claou6 et aL, 1990; Kaye et aL, 1991; Rong et al., 1991) . In chickens, the main site of acute ILT virus replication is the trachea, which is innervated through a number of ganglia (BubiefiWaluszewska, 1981) . The proximal ganglion shares the IXth (glossopharyngeal) and Xth (vagus) cranial nerves, which cover the pharynx, larynx and cervical trachea. The distal ganglion serves the IXth cranial nerve and may also be a site of neural cell bodies of the trachea. It is perhaps surprising that only the trigeminal ganglion was virus-positive given that these other ganglia also innervate the trachea. However, the small size of the proximal and distal ganglia made us reluctant to divide them up for investigation by a number of different methods. Although they were negative by PCR in this experiment, the number of birds used was low and the tissue samples small, and further investigation would be needed to exclude them properly as additional sites of latency of ILT virus.
PCR was able to detect the presence of part of the TK gene of ILT virus in the trigeminal ganglia of birds known to be carriers of the virus, and virus could not be isolated from these or a number of other tissues by other means. Thus we conclude that the trigeminal ganglion is likely to be the main site of latency of ILT virus.
